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Since the experiments reported in the preceding paper  1 showed that 
the hydrolytic products of pure proteins do not support the indefinite 
proliferation of fibroblasts, and that they need to be supplemented by 
some  substance  present  in  fresh  tissues,  it  seemed  probable  that  a 
more complete nutritive medium might be obtained from the digests 
of certain tissues or glands instead of from pure proteins.  The pur- 
pose of this paper is to describe the effects of the peptic digestion prod- 
ucts of calf  liver  and  the anterior lobe of the pituitary gland on the 
growth,  not  of fresh tissues,  but  of a  pure strain of sarcomatous cells 
after several months of life in vitro. 
Preparation  of the  Digests. 
The liver digest  was  prepared by incubating  16 gin.  of strictly fresh,  finely 
ground liver for 20 hours at 37°C. in 200 cc. 1~/20 I-IC1, containing 1 tim. of Fair- 
child's pepsin and a few drops of toluene.  After incubation, the pH was brought 
to 7.0 by the addition of rr/1 NaOH and the solution boiled to half its volume.  It 
was then rendered isotonic and adjusted to pH 7.4.  The ratio of total to amino 
nitrogen in the completed preparation was 2.8.  It contained 0.32 per cent nitro- 
gen; of this nitrogen, 36.2 per cent was present as proteose, 56 per cent as peptone, 
and 7.8 per cent as lower split products.  ~  There was no meta-protein present. 
About 7.8 per cent of the nitrogen was precipitated by 2 per cent trichloracetic 
acid.  Th'~s  fraction has been classed as proteose  ~ rather than as protein, although 
, Carrel, A., and Baker, L. E., .1. Exp. MeA., 1928, xlvii, 353. 
Duplicate preparations vary to a slight extent.  All of them, except one which 
contained considerable fatty material and a suspension of heat coagulated material 
too fine to centrifuge out, have supported a large growth of sarcomatous fibroblasts. 
3 It is believed that the substances precipitated by 2 per cent of trichloracetic 
acid cannot be classed as protein, but rather as proteose, for the authors obtain 
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Wasteneys and Boorsook,  whose method of analysis  was employed,  are of the 
opinion  that it should be classed as protein?  Before being used  in the culture 
medium,  this  digest  was diluted  with 7 parts Tyrode solution,  making the con- 
centration  of nitrogen  0.04 per cent. 
The pituitary digest 5 was prepared  by incubating  12 gin. of the finely ground 
anterior lobe of pituitary glands of calves or steers in 120 cc. of 0.5 per cent pepsin 
in N/20 HC1 for 16 hours.  After digestion,  the pH was brought to 7.0 and the 
solution  boiled  to  half  its  volume,  centrifuged,  rendered  isotonic,  and  finally 
adjusted  to pH  7.4.  The completed  preparation contained  0.37 per cent total 
nitrogen,  36.3 per cent of which was present  as proteose.  The ratio of total to 
amino nitrogen was 3.4.  The mixture was diluted with Tyrode solution to varying 
concentrations  (Table I) before being used in the culture medium. 
Preparation  of Cultures. 
The digests  were tested  on a pure strain of malignant  fibroblasts  of the rat, 
isolated from Crocker Foundation Sarcoma  10.  The colonies were cut into two 
equal parts, one of which was cultivated in embryo juice as a control, and the other 
in the experimental fluid.  Flasks 3 cm. in diameter were used.  The plasma clot 
was formed by mixing 1 cc. of plasma previously  diluted  with 2 parts of Tyrode 
solution and a few drops of embryo juice.  As soon as coagulation took place, the 
clot was washed for half an hour with 3 cc. of Tyrode solution and then 0.5 cc. of 
the experimental  and control fluids was added.  Every 48 hours, the cultures were 
washed with 3 cc. of Tyrode solution for half an hour, 0.5 cc. of nutritive fluids 
was added, and drawings were made, under a projectoscope, of the area of growth. 
Action  of the Pituitary  Digest  on  Sarcomatous  Fibroblasts. 
The rates of growth of sarcomatous fibroblasts in the peptic digests 
of the anterior lobe of the pituitary  and of their  controls in embryo 
juice  were  approximately  equal.  Text-fig.  1  gives  typical  growth 
curves for the first passage of these tissues in a  digest of calf pituitary 
a bulky precipitate  containing  10 per cent of the total nitrogen present in digests 
of crystalline  egg  albumin  which  have  been  boiled  previously  to  remove  any 
remaining albumin.  It was also shown that this precipitate was not recta-protein, 
as the mount of meta-protein  in the solutions was so small as to be almost negli- 
gible.  Obviously,  therefore,  trichloracetic  acid precipitates  proteolytic products 
other than protein and recta-protein.  This is in accord with the work of Hiller, 
A., and Van Slyke, D. D., ]..Biol. Ckem., 1922, liii, 253. 
4 Wasteneys, H., and Boorsook, H., J..Biol. Ckem., 1924, lxii, 1. 
5 Duplicate preparations  of these digests  have varied  slightly  in composition. 
All have, however, caused a large growth of sarcomatous  fibroblasts. lgO  ,  , 
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Tv.xT-FIO.  1.  Experiment 280 H.  Rate of growth of sarcomatous fibroblasts 
of the rat in a digest of the anterior lobe of pituitary gland, and in embryo juice. 
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TF~XToFm. 2.  Experiment 6211 C.  Rate of growth of sarcomatous fibroblasts 
of the rat during three successive passages in an ether extracted digest of anterior 
lobe of pituitary gland.  Control tissues in embryo juice. 
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TExT-FIo.  3.  Experiment  6130  C.  Rate  of growth  of sarcomatous  fibro- 
blasts of the rat in a digest of the anterior lobe of  the pituitary and in the same 
digest extracted  ten times with ether. 
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and in embryo juice.  The results of sixteen experiments at different 
concentrations  of  nitrogen  are  summarized  in  Table  I.  Similar  re- 
suits were obtained with many different preparations.  No differences 
were observed between the action of the digests of calf pituitary and 
of those of steer.  Not only  was  the rate of growth in the pituitary 
digest as great as in embryo juice, but the cells remained in excellent 
TABLE  I. 
Comparison of the Rates of Growth of Sarcomatous Fibroblasts of the Rat in Embryo 
Juice and in a Digest of Anterior Lobe of Pituitary. 
Experiment 
No. 
280H 
232H 
272H 
4979 C 
4979 C 
292H 
292H 
4923 C 
298H 
293H 
298H 
6143 C 
4923 C 
4923C 
320H 
5031C 
Prepara- 
tion No. 
x-496 
x-496 
x-496 
x-518 
x-518 
x-518 
x-518 
x-518 
x-518 
x-519 
x-519 
x-519 
x-519 
x-519 
x-519 
x-513 
Nitroge 
concen 
tration 
per ccn~ 
0.25 
0.25 
0.25 
0.01( 
0.01~ 
0.03', 
0.01( 
0.06 
0.20 
0.03 
0.20 
0.08 
0.25 
0.06 
0.03 
0.03 
Time of 
growth 
days 
10 
8 
8 
9 
9 
7 
7 
10 
11 
7 
11 
8 
10 
10 
12 
9 
Are# of  Ratio of 
Area6 of  growth in  area of 
growth in  pituitary I growth in 
embryo  digest,  experiment 
juice.  Experi-  to area in 
Control  ment  control 
135 
63 
81 
85 
67 
82 
42 
90 
127 
38 
115 
90 
66 
29 
78 
61 
Average ratio ..................................... 
124  0.91 
65  1.03 
94  1.16 
64  0.75 
66  0.99 
72  0.88 
68  1.62 
85  0.94 
114  0.90 
36  0.95 
114  0.99 
88  0.98 
64  0.97 
52  1.79 
65  0.83 
62  1.02 
1.04 
Remarks 
Steer pituitary 
tt  t¢ 
Calf  " 
tt  ¢~ 
tt  gg 
tt  (t 
,t  tt 
tt  tt 
Steer 
¢¢  c¢ 
tt  ¢g 
t¢  ct 
.  ¢t 
tt  tt 
Calf  " 
condition  as  far  as  could  be  observed,  and  did  not  show  the  fatty 
degeneration characteristic of cells cultivated in pure protein digests. 
The same colonies continued  to proliferate  through many successive 
passages  at  a  uniform rate.  Text-fig.  2  shows three  successive pas- 
sages of a  colony in a  digest that had been thoroughly extracted with 
e This is the area in square  centimeters  of the projected  image of the colony 
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ether.  It was thought that possibly the lipoids of the glands were 
furnishing some substance required by the cells which might explain, 
in part  at least,  the difference between  digests of pure proteins and 
those of glandular material,  7 but evidently this is not the case.  The 
cells multiplied as rapidly in  digests of the pituitary which had been 
extracted  ten  times  with  ether  as  in  embryo  juice  (Table  II),  or 
in  a  part  of  the  same  digest which was not extracted  (Text-fig.  3, 
Table III). 
TABLE  II. 
Rates of Growth of Sarcomatous Fibroblasts of the Rat in Ether Extracted Digest of 
Anterior Lobe of Pituitary and in Embryo Juice. 
Experiment 
No. 
6132 C 
6158 C 
6115 C 
6115 C 
6115 C 
6115 C 
6211C 
6211C 
6211C 
~reDal*a- 
ion No. 
x-485 
x-485  I 
x-484  i 
x--g84 
x484  I 
x-484  I 
x--484  i 
x-484"  ] 
x-4S4  i 
I 
Nitrogen I  Time  of 
tration  I  growth 
concen- 
percent  '  days 
0.03  8 
0.03  10 
0.03  11 
0.03  9 
0.03  8 
0.03  6 
0.06  11 
0.06  10 
0.06  9 
Are~  6 o 
Area* of growth  growth 
in embryo juice,  pituitar 
Control  digest,  Experi 
ment 
118  92 
104  107 
86  86 
No control  93 
"  "  96 
"  "  57 
160  100 
145  130 
127  114 
Ratio of 
area of 
growth in 
experiment 
to area 1~ 
control 
0.78 
1.03 
1.00 
0.63 
0.90 
0.90 
Average ratio  ..........................................  0.87 
Remarks 
1st passage 
2nd  " 
3rd  " 
4th  " 
1st  " 
2nd  " 
3rd  " 
Action  of  the  Liver  Digests  on  Sarcomatous  Fibroblasts. 
The digests of liver gave even better results.  In many cases, the 
rate of multiplication of the sarcomatous fibroblasts in the liver digest 
exceeded that of their controls in embryo juice (Table IV).  The growth 
remained uniform throughout many successive passages  (Text-fig. 4), 
with no change that could be noticed in the condition of the cells.  A 
strain of these fibroblasts was kept in this medium for over 3 months, 
i.e.,  through ten passages,  and  was still  proliferating as  actively as. 
those which had  been cultivated in embryo  juice. 
The experiments reported in the preceding paper  t indicate that  the presence 
of nucleic  acid in dige.*ts  of glandular material accounts in part for this difference. LILLIAN  E.  BAKER  AND  ALEXIS  CARREL  377 
TABLE  III. 
Rates of Growth of Sarcomatous Fibroblasts of the Rat in a Digest of the Anterior Lobe 
of Pituitary and in the Same Digest Extracted witk Ether Ten Times. 
I 
Experiment  Pr  eP~roation 
No. 
6130 C  x-556 
6130 C  x-556 
6133 C  x-556 
9424D  x-556 
9444D  x-556 
Nitrogen 
concell- 
tration 
per cent 
0.04 
0,04 
0.02 
0,02 
0.04 
Tm  ~ 
gro 
-2;-- 
Area~ of 
growth in 
pituitary 
digest, 
Control 
104 
56 
AI ~aS of 
cth in 
'acted 
gest. 
~xp  fimenl 
28 
50 
Average ratio  ......................................... 
Ratio of 
area of 
growth  in 
experimen 
to area in 
control 
0.95 
1.16 
1.23 
0.96 
0.89 
Remarks 
1st passage 
2nd  " 
1st  " 
t~  cc 
TABLE  IV. 
Rate of Growth of Sarcomatous  Fibroblasts of the Rat in Calf Liver Digest. 
Cultivated in Embryo Juice. 
Controls 
Exp~-io.ment. PreparatiNo. 
9513 D  x-583 
9513 D  x-58~ 
9623 D  x-583 
9667 D  x-583 
9530 D  x-583 
9622 D  x-583 
9666 D  x-583 
9546 D  x-583 
9590 D  x-583 
9590 D  x-583 
9631 D  x-583 
9631 D  x-583 
9659 D  x-583 
n  Nitrogc 
conce£ 
tratio] 
per c~a 
O.O4 
0.04 
0.04 
0.04 
0.08 
0,08 
0,08 
0.08 
0.08 
0,08 
0.08 
0.08 
0.08 
Time of 
growth 
17 
9 
7 
5 
12 
7 
5 
7 
10 
10 
6 
6 
6 
Areaa of 
growth in 
embryo 
juice. 
Control 
180 
170 
38 
100 
118 
57 
96 
92 
157 
126 
51 
48 
37 
,reaq of 
owth in 
liver 
iigest. 
~eriment 
162 
100 
80 
50 
144 
79 
113 
129 
153 
151 
87 
100 
109 
Average ratio ........................................ 
Ratio of  { 
area of  I 
growth  in  ) 
experiment 
to area  in 
control 
0.90  I 
0.59 
2.11 
0.50 
1,22 
1.39 
1.18 
1.40 
0.97 
1.20 
1.71 
2.08 
2.95 
1.40 
Remarks 
1st passage 
2nd  " 
3rd  " 
1st  " 
2nd  " 
3rd  " 
1st  " 
2rid  " 
t~  c¢ 
3rd  " 
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Action  of  Liver  and  Pituitary  Digests  on  Normal  Fibroblasts. 
When pure  strains  of normal chicken and  normal rat  fibroblasts 
were cultivated in the liver and pituitary digests, considerable pro- 
liferation of cells occurred.  The rate of growth was not as great as 
in  embryo juice and  the cells  finally underwent fatty degeneration. 
The normal tissue appears to be more sensitive to the deficiencies of 
the medium than  the  sarcoma  tissue.  Further  experimentation is 
necessary before conclusions can be drawn concerning this difference 
in normal and sarcomatous cells. 
SUMMARY. 
1.  A  media containing all  the essential constituents for the culti- 
vation in vitro of sarcomatous fibroblasts of the rat has been prepared 
by digesting calf liver and also the anterior lobe of the pituitary body 
with  pepsin. 
2.  The nutritive action of the pituitary digests is not altered by 
thorough extraction with ether. 
3.  After a  pure strain  of sarcomatous fibroblasts had been  culti- 
vated for 3 months in a liver digest, its proliferative activity was as 
great as at the beginning of the experiment.  The same was true of the 
colonies cultivated for 1 month in a  digest of pituitary gland.  The 
increase in the volume of the colonies which takes place in the digests 
is about as great as that produced by chick embryo juice. 
4.  Normal chicken fibroblasts also proliferate in both digests,  but 
they undergo fatty degeneration after a more or less prolonged period 
of  cultivation. 